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(54) VEHICLE TRAVELING ASSISTANCE APPARATUS

(57) A vehicle traveling assistance apparatus in-
cludes: a creation unit (401) configured to create a first
route, which is a route along which a vehicle moves from
a first position to a second position and in which the ve-

hicle stops to perform stationary steering in a middle of
the route and then moves to the second position; and a
controller (402) configured to cause the vehicle to travel
along the created first route.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to a vehicle traveling as-
sistance apparatus.

BACKGROUND DISCUSSION

[0002] There is a vehicle traveling assistance appara-
tus that moves a vehicle to a target position such as a
parking position by causing the vehicle to travel along a
route including a clothoid curve. See, for example, Jap-
anese Patent Nos. 3911492 (Reference 1), 3818654
(Reference 2), and 4058389 (Reference 3).
[0003] However, when causing the vehicle to travel
along the route including a clothoid curve in a case of
parking the vehicle in a narrow space, the vehicle may
go back and forth in order to avoid contact between the
vehicle and an obstacle. Thus, the time taken to park the
vehicle may be increased, or it may be impossible to park
the vehicle with the help of the vehicle traveling assist-
ance apparatus, although the vehicle can be parked at
a parking position when the vehicle is manually parked.

SUMMARY

[0004] In one example, a vehicle traveling assistance
apparatus of an embodiment includes a creation unit con-
figured to create a first route, which is a route along which
a vehicle moves from a first position to a second position
and in which the vehicle stops to perform stationary steer-
ing in a middle of the route and then moves to the second
position, and a controller configured to cause the vehicle
to travel along the created first route. Thus, in one exam-
ple, it is possible to shorten the time taken to move the
vehicle to a target position.
[0005] In one example, in the vehicle traveling assist-
ance apparatus of the embodiment, the creation unit may
create a second route, which includes at least one of a
clothoid curve and a straight line, and along which the
vehicle moves from the first position to the second posi-
tion without reversing a traveling direction thereof, and
the controller may cause the vehicle to travel along the
second route, and when detecting an obstacle which col-
lides with the vehicle after the vehicle starts traveling
along the second route, the controller may cause the ve-
hicle to travel along the first route. Thus, in one example,
it is possible to shorten the time taken to move the vehicle
to the target position.
[0006] In one example, in the vehicle traveling assist-
ance apparatus, the controller may cause the vehicle to
travel along the first route in a case where a change in a
curvature of a route of the vehicle when causing the ve-
hicle to travel so as to avoid a collision between the ve-
hicle and an obstacle exceeds an upper limit of a change
in a curvature of a route of the vehicle when causing the
vehicle to travel along the clothoid curve. Thus, in one

example, it is possible to reduce a possibility that a driver
of the vehicle feels unnatural due to the fact that it is
impossible to move the vehicle to the target position when
the movement of the vehicle to the target position is con-
trolled.
[0007] In one example, in the vehicle traveling assist-
ance apparatus, stop of the vehicle when the vehicle per-
forms stationary steering in the first route may include a
state where a traveling speed of the vehicle has become
an extremely low speed. Thus, in one example, it is pos-
sible to reduce the load applied to a steering unit or the
like when the vehicle performs stationary steering.
[0008] In one example, in the vehicle traveling assist-
ance apparatus, the creation unit may re-create the first
route when detecting the obstacle which collides with the
vehicle after the vehicle starts traveling along the second
route, and, when the second position is a parking position
of the vehicle, the controller may set a reference line at
a position spaced apart from the parking position by a
predetermined distance in a direction opposite to the
traveling direction of the vehicle, and may permit re-cre-
ation of the first route until a center of gravity of the vehicle
reaches the reference line. Thus, in one example, when
the center of gravity of the vehicle has reached the ref-
erence line, it is possible to reduce the load of a calcu-
lation processing caused by the creation of the route.
[0009] In one example, in the vehicle traveling assist-
ance apparatus, the creation unit may create a second
route, which includes at least one of the clothoid curve
and the straight line, and along which the vehicle moves
from the first position to the second position, and the con-
troller may cause the vehicle to travel along the first route
in a case where the vehicle is able to reach the parking
position without going back and forth when causing the
vehicle to travel along the first route, and in a case where
the vehicle is required to go back and forth when causing
the vehicle to travel along the first route, the controller
may cause the vehicle to travel along the second route.
Thus, in one example, it is possible to shorten the time
taken to move the vehicle to the parking position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:

Fig. 1 is a perspective view illustrating an example
of a state where a portion of a vehicle room of a
vehicle, to which a vehicle traveling assistance ap-
paratus according to a first embodiment is applied,
is viewed therethrough;
Fig. 2 is a plan view of an example of the vehicle
according to the first embodiment;
Fig. 3 is a block diagram illustrating an example of
a functional configuration of the vehicle according to
the first embodiment;
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Fig. 4 is a block diagram illustrating an example of
a functional configuration of an ECU included in the
vehicle according to the first embodiment;
Fig. 5 is a flowchart illustrating an example of the
flow of a vehicle traveling assistance processing of
the vehicle according to the first embodiment;
Fig. 6 is a view for explaining an example of a creating
processing of a basic route by the vehicle according
to the first embodiment;
Fig. 7 is a view illustrating an example of a change
in the turning curvature of the vehicle when the ve-
hicle according to the first embodiment is parked at
a parking position;
Fig. 8 is a view illustrating an example of a change
in the turning curvature when the vehicle according
to the first embodiment is parked at the parking po-
sition;
Fig. 9 is a view illustrating an example of a change
in the turning curvature when the vehicle according
to the first embodiment is parked at the parking po-
sition;
Fig. 10 is a view illustrating an example of a change
in the turning curvature when the vehicle according
to the first embodiment is parked at the parking po-
sition; and
Fig. 11 is a flowchart illustrating an example of the
flow of a vehicle traveling assistance processing of
a vehicle according to a second embodiment.

DETAILED DESCRIPTION

[0011] Hereinafter, exemplary embodiments disclosed
here will be described. Configurations of the embodi-
ments described below, and actions, results, and effects
caused by the configurations are given by way of exam-
ple. This disclosure may also be realized by configura-
tions other than the configurations disclosed in the fol-
lowing embodiments, and at least one of various effects
and derivative effects based on a basic configuration may
be obtained.

<First Embodiment>

[0012] Fig. 1 is a perspective view illustrating an ex-
ample of a state where a portion of a vehicle room of a
vehicle, to which a vehicle traveling assistance apparatus
according to a first embodiment is applied, is viewed
therethrough. A vehicle 1 may be an automobile (internal
combustion engine automobile) using an internal com-
bustion engine (engine) as a drive source, may be an
automobile (e.g., an electric automobile or a fuel cell au-
tomobile) using an electric motor (motor) as a drive
source, or may be an automobile (hybrid automobile) us-
ing both of them as a drive source. In addition, the vehicle
1 may be equipped with various transmission devices
and various devices (systems, elements, etc.) required
for driving the internal combustion engine or the electric
motor. In addition, the type, the number, the layout, and

the like of devices associated with the driving of wheels
3 in the vehicle 1 may be set in various ways.
[0013] As illustrated in Fig. 1, the vehicle 1 includes a
vehicle body 2, a steering unit 4, an acceleration opera-
tion unit 5, a braking operation unit 6, a transmission op-
eration unit 7, and a monitor device 11.
[0014] The vehicle 2 includes a vehicle room 2a in
which an occupant of the vehicle 1 rides. In the vehicle
room 2a, the steering unit 4, the acceleration operation
unit 5, the braking operation unit 6, the transmission op-
eration unit 7, a display device 8, a sound output device
9, an operation input unit 10, and the like are provided in
a state where a driver as the occupant takes a seat 2b.
[0015] The steering unit 4 is, for example, a steering
wheel protruding from a dashboard. The acceleration op-
eration unit 5 is, for example, an accelerator pedal posi-
tioned under the foot of the driver. The braking operation
unit 6 is, for example, a brake pedal positioned under the
foot of the driver. The transmission operation unit 7 is,
for example, a shift lever protruding from a center con-
sole.
[0016] The monitor device 11 is provided, for example,
on the central portion of the dashboard in the vehicle
width direction (i.e., in the transverse direction). The mon-
itor device 11 may have a function of, for example, a
navigation system or an audio system. The monitor de-
vice 11 includes the display device 8, the sound output
device 9, and the operation input unit 10. In addition, the
monitor device 11 may include various operation input
units such as a switch, a dial, a joystick, and a push but-
ton.
[0017] The display device 8 may be configured with a
liquid crystal display (LCD) or organic electroluminescent
display (OLED), or the like, and may display various im-
ages based on image data. The sound output device 9
is configured with a speaker, or the like, and outputs var-
ious sounds based on sound data. The sound output de-
vice 9 may be provided at a different position other than
the monitor device 11 inside the vehicle room 2a.
[0018] The operation input unit 10 is configured with a
touch panel, or the like, and enables various pieces of
information to be input by the occupant. In addition, the
operation input unit 10 is provided on a display screen
of the display device 8, and is capable of transmitting an
image displayed on the display device 8. Thus, the op-
eration input unit 10 allows the occupant to visually rec-
ognize the image displayed on the display screen of the
display device 8. The operation input unit 10 receives the
input of various pieces of information by the occupant by
detecting a touch operation by the occupant on the dis-
play screen of the display device 8.
[0019] Fig. 2 is a plan view of an example of the vehicle
according to the first embodiment. As illustrated in Figs.
1 and 2, the vehicle 1 is a four-wheeled automobile or
the like, and includes two left and right front wheels 3F
and two left and right rear wheels 3R. Some or all of the
four wheels 3 may be steered.
[0020] The vehicle 1 includes a plurality of imaging
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units 16. Each imaging unit 16 is a digital camera having
an imaging element such as a charge coupled device
(CCD) or a CMOS image sensor (CIS). The imaging unit
16 may capture an image of the surroundings of the ve-
hicle 1 at a predetermined frame rate. Then, the imaging
unit 16 outputs image data of the captured image ob-
tained by imaging the surroundings of the vehicle 1.
[0021] In the present embodiment, the imaging units
16 include four imaging units 16a to 16d. The imaging
unit 16a is located at a front end 2c of the vehicle body
2 and is installed on a front bumper or the like. The im-
aging unit 16b is located at a left end 2d of the vehicle
body 2 and is installed on a left side mirror 2g or the like.
The imaging unit 16c is located at a rear end 2e of the
vehicle body 2 and is installed on a rear trunk door 2h or
the like. The imaging unit 16d is located at a right end 2f
of the vehicle body 2 and is installed on a right side mirror
2g.
[0022] The vehicle 1 includes a plurality of distance
measurement sensors 15 (15a to 15d). The distance
measurement sensors 15 emit light such as laser light,
and receive the light reflected by an obstacle such as
another vehicle present around the vehicle 1. Then, the
distance measurement sensors 15 transmit distance in-
formation, which enables the distance from the vehicle
1 to the obstacle to be specified, to an ECU 24 based on
the result of receiving the light from the obstacle. The
distance measurement sensors 15 may transmit the dis-
tance from the vehicle 1 to the obstacle, as the distance
information, to the ECU 24, or may transmit the time at
which the light is emitted from the distance measurement
sensors 15 and the time at which the distance measure-
ment sensors 15 receive the light, as the distance infor-
mation, to the ECU 24.
[0023] Fig. 3 is a block diagram illustrating an example
of a functional configuration of the vehicle according to
the first embodiment. As illustrated in Fig. 3, the vehicle
1 includes a steering system 13, a brake system 18, a
steering angle sensor 19, an accelerator sensor 20, a
shift sensor 21, a wheel speed sensor 22, an in-vehicle
network 23, and the electronic control unit (ECU) 24.
[0024] The monitor device 11, the steering system 13,
the distance measurement sensors 15, the brake system
18, the steering angle sensor 19, the accelerator sensor
20, the shift sensor 21, the wheel speed sensor 22, and
the ECU 24 are electrically connected to each other via
the in-vehicle network 23, which is an electric communi-
cation line. The in-vehicle network 23 is configured with
a controller area network (CAN) or the like.
[0025] The steering system 13 is an electric power
steering system, a steer by wire (SBW) system, or the
like. The steering system 13 includes an actuator 13a
and a torque sensor 13b. In addition, the steering system
13 is electrically controlled by the ECU 24 or the like, and
operates the actuator 13a to apply a torque to the steering
unit 4 so as to supplement a steering force, thereby steer-
ing the wheels 3. The torque sensor 13b detects the
torque that the driver gives to the steering unit 4, and

transmits the detection result to the ECU 24.
[0026] The brake system 18 includes an anti-lock
brake system (ABS), which suppresses the lock of a
brake of the vehicle 1, an electronic stability control (ESC)
device, which suppresses the side slip of the vehicle 1
during cornering, an electric brake system, which assists
the brake by increasing a brake force, and a brake by
wire (BBW). The brake system 18 includes an actuator
18a and a brake sensor 18b. The brake system 18 is
electrically controlled by the ECU 24 or the like, and gives
a braking force to the wheels 3 via the actuator 18a. The
brake system 18 detects the lock of the brake, the idling
of the wheels 3, signs of the side slip, and the like from
a difference in the rotation of the right and left wheels 3
and the like, thereby executing control to suppress the
lock of the brake, the idling of the wheels 3, and the side
slip. The brake sensor 18b is a displacement sensor,
which detects the position of the brake pedal as a mov-
able part of the brake operation unit 6, and transmits the
detection result of the position of the brake pedal to the
ECU 24.
[0027] The steering angle sensor 19 is a sensor that
detects the amount of steering of the steering unit 4 such
as the steering wheel. In the present embodiment, the
steering angle sensor 19 is configured with a Hall element
or the like, detects the rotation angle of a rotating part of
the steering unit 4 as the amount of steering, and trans-
mits the detection result to the ECU 24. The accelerator
sensor 20 is a displacement sensor, which detects the
position of an accelerator pedal as a movable part of the
acceleration operation unit 5, and transmits the detection
result to the ECU 24.
[0028] The shift sensor 21 is a sensor that detects the
position of a movable part (bar, arm, button, etc.) of the
transmission operation unit 7, and transmits the detection
result to the ECU 24. The wheel speed sensor 22 includes
a Hall element or the like, and is a sensor that detects
the amount of rotation of the wheels 3 or the number of
revolutions per unit time of the wheels 3, and transmits
the detection result to the ECU 24.
[0029] The ECU 24 is an example of the vehicle
traveling assistance apparatus, which controls the steer-
ing system 13, the brake system 18, and the transmission
operation unit 7 via the in-vehicle network 23, thereby
controlling the driving of the vehicle 1, for example, when
parking the vehicle 1 at a parking position. The ECU 24
is configured with a computer or the like. Specifically, the
ECU 24 includes a central processing unit (CPU) 24a, a
read only memory (ROM) 24b, a random access memory
(RAM) 24c, a display controller 24d, a sound controller
24e, and a solid state drive (SSD) 24f. The CPU 24a, the
ROM 24b, and the RAM 24c may be provided in the same
circuit board.
[0030] The CPU 24a reads a program stored in a non-
volatile storage device such as the ROM 24b, and exe-
cutes various calculation processings according to the
program. For example, the CPU 24a executes an image
processing on image data to be displayed on the display
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device 8, calculation of a distance to an obstacle present
around the vehicle 1, setting of a parking position, calcu-
lation of a route of the vehicle 1 to a parking position,
control of vehicle driving, and the like.
[0031] The ROM 24b stores various programs and pa-
rameters and the like required for executing the pro-
grams. The RAM 24c temporarily stores various data
used in the calculations in the CPU 24a. The display con-
troller 24d mainly executes an image processing on im-
age data, which is acquired from the imaging unit 16 and
is output to the CPU 24a, conversion from image data
acquired from the CPU 24a to display image data to be
displayed on the display device 8, and the like, among
the calculation processings in the ECU 24. The sound
controller 24e mainly executes a sound processing of
acquiring sound from the CPU 24a and outputting the
sound to the sound output device 9, among the calcula-
tion processings in the ECU 24. The SSD 24f is a rewri-
table nonvolatile storage unit, and continuously stores
data acquired from the CPU 24a even when the ECU 24
is powered off.
[0032] In the present embodiment, the ECU 24 is in
charge of the overall control of the vehicle 1 via cooper-
ation of hardware and software (control program). For
example, the ECU 24 identifies a parking frame or the
like, marked on the road surface in the vicinity of the
vehicle 1, from a captured image obtained by imaging of
the imaging unit 16, sets a parking position inside the
parking frame, and controls parking of the vehicle 1 to
the parking position. Thus, the ECU 24 implements a
function as the vehicle traveling assistance apparatus.
[0033] Fig. 4 is a block diagram illustrating an example
of a functional configuration of the ECU of the vehicle
according to the first embodiment. As illustrated in Fig.
4, the ECU 24 includes a route creation unit 401 and a
driving controller 402. For example, the CPU 24a exe-
cutes a vehicle traveling assistance processing program
stored in the ROM 24b or the SSD 24f, thereby imple-
menting the functions of the route creation unit 401 and
the driving controller 402. Any or both of the route creation
unit 401 and the driving controller 402 may be configured
with hardware such as a circuit.
[0034] The route creation unit 401 creates a basic route
BR, which includes at least one of a clothoid curve and
a straight line, and along which the vehicle 1 moves from
an initial position (e.g., the position at which control of
parking of the vehicle 1 to a parking position starts) to a
target position (e.g., a parking position P), which is dif-
ferent from the initial position, without reversing a
traveling direction thereof. In addition, the route creation
unit 401 creates a new route, along which the vehicle 1
stops to perform stationary steering in the middle of mov-
ing from the initial position to the target position, and then
moves to the target position. In the present embodiment,
the route creation unit 401 creates the basic route BR
and the new route based on a captured image obtained
by imaging the surroundings of the vehicle 1 by the im-
aging unit 16, distance information received from the dis-

tance measurement sensor 15, and the like. Here, it is
assumed that stop of the vehicle 1 when the vehicle 1
performs stationary steering in the new route includes a
state where the traveling speed of the vehicle 1 has be-
come an extremely low speed. Thus, it is possible to re-
duce the load applied to the steering unit 4 and the like
when the vehicle 1 performs stationary steering. Here,
the extremely low speed is a state where the traveling
speed of the vehicle 1 is close to 0, for example, a speed
slower than the human walking speed.
[0035] The driving controller 402 causes the vehicle 1
to travel along the basic route BR created by the route
creation unit 401. Alternatively, the driving controller 402
causes the vehicle 1 to travel along the new route created
by the route creation unit 401. In the present embodiment,
the driving controller 402 controls the steering unit 4, the
braking operation unit 6, and the acceleration operation
unit 5, thereby causing the vehicle 1 to travel along the
basic route BR or the new route.
[0036] In addition, in the present embodiment, the driv-
ing controller 402 determines whether or not the vehicle
1 collides with an obstacle when the vehicle 1 travels
along the basic route BR based on a captured image
output from the imaging unit 16, distance information re-
ceived from the distance measurement sensor 15, and
the like. Here, a case of determining that the vehicle 1
collides with the obstacle includes, in addition to a case
where the vehicle 1 collides with the obstacle, a case
where the distance between the vehicle 1 and the obsta-
cle is equal to or less than a preset distance. In addition,
in the present embodiment, it is assumed that the route
creation unit 401 creates the new route in a case where
it is determined that the vehicle 1 collides with the obsta-
cle when the vehicle 1 travels along the basic route BR.
[0037] In addition, in the present embodiment, the driv-
ing controller 402 may create a new route so as to cause
the vehicle 1 to travel along the new route even in a case
where a change in the curvature (hereinafter referred to
as "turning curvature") of a route of the vehicle 1 when
causing the vehicle 1 to travel so as to avoid a collision
between the vehicle 1 and the obstacle exceeds the up-
per limit of a change in the turning curvature of a route
of the vehicle 1 when causing the vehicle 1 to travel along
a clothoid curve. Thus, it is possible to reduce a possibility
that the driver of the vehicle 1 feels unnatural due to the
fact that it is impossible to move the vehicle 1 to the target
position when the movement of the vehicle 1 to the target
position is controlled by the ECU 24, although the driver
of the vehicle 1 may manually move the vehicle 1 to the
target position.
[0038] Next, an example of the flow of a vehicle
traveling assistance processing of the vehicle 1 by the
ECU 24 according to the present embodiment will be
described with reference to Fig. 5. Fig. 5 is a flowchart
illustrating an example of the flow of a vehicle traveling
assistance processing of the vehicle according to the first
embodiment. In the following description, a processing
of controlling parking of the vehicle 1 will be described,
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but it suffices as long as it controls traveling of the vehicle
1 to a target position.
[0039] When information to instruct parking of the ve-
hicle 1 to the parking position P is input via the operation
input unit 10, the route creation unit 401 acquires a cap-
tured image obtained by imaging the surroundings of the
vehicle 1 by the imaging unit 16. Then, the route creation
unit 401 sets the parking position P, at which the vehicle
1 is parked, based on the acquired captured image. Sub-
sequently, the route creation unit 401 creates, as the ba-
sic route BR, a route from an initial position, which is a
current position of the vehicle 1, to a target position, which
is a position at which the vehicle 1 reaches until it changes
a traveling direction thereof afterwards, based on the ac-
quired captured image, distance information received
from the distance measurement sensor 15, and the set
parking position P (step S501). At that time, it is assumed
that the route creation unit 401 creates, as the basic route
BR, a route including at least one of a clothoid curve and
a straight line. In addition, in a case of parking the vehicle
1 from the initial position to the parking position P without
causing the vehicle 1 to go back and forth, the route cre-
ation unit 401 creates, as the basic route BR, a route
along which the vehicle 1 moves from the initial position
to the parking position P without changing the traveling
direction thereof.
[0040] Fig. 6 is a view for explaining an example of a
basic route creation processing by the vehicle according
to the first embodiment. Fig. 7 is a view illustrating an
example of a change in the turning curvature of the ve-
hicle when the vehicle according to the first embodiment
is parked at the parking position. In Fig. 7, the vertical
axis represents the turning curvature of the vehicle 1,
and the horizontal axis represents the traveling distance
of the vehicle 1 from the initial position to the parking
position P. As illustrated in Fig. 6, in a case of parking
the vehicle 1 in a space S for perpendicular parking, the
route creation unit 401 acquires a captured image ob-
tained by imagining the lateral side of the vehicle 1 by
the imaging unit 16 when the vehicle 1 passes in front of
a position at which the vehicle 1 enters the space S. Sub-
sequently, the route creation unit 401 specifies positions
of other vehicles C1 and C2, which are parked at posi-
tions adjacent to the space S, based on the acquired
captured image, and sets the parking position P based
on the positions of the other vehicles C1 and C2.
[0041] Subsequently, as illustrated in Fig. 6, the route
creation unit 401 creates the basic route BR including a
clothoid curve based on the acquired captured image,
distance information received from the distance meas-
urement sensor 15, and the set parking position P. Spe-
cifically, the route creation unit 401 sets, in the basic route
BR, a route until the traveling distance of the vehicle 1
reaches a distance d1 to a clothoid curve, along which
the vehicle 1 is moved while the steering unit 4 is steered.
In that case, the turning curvature γ of the vehicle 1 chang-
es as the traveling distance of the vehicle 1 increases,
as illustrated in Fig. 7. In addition, the route creation unit

401 sets, in the basic route BR, a route until the traveling
distance of the vehicle 1 is changed from the distance
d1 to a distance d2 to an arc, along which the vehicle 1
is moved while the steering unit 4 is stationary. In this
case, the turning curvature γ of the vehicle 1 is not
changed even if the traveling distance of the vehicle 1
increases, as illustrated in Fig. 7. In addition, the route
creation unit 401 sets, in the basic route BR, a route until
the traveling distance of the vehicle 1 is changed from
the distance d2 to a distance d3 to a clothoid curve, along
which the vehicle 1 is moved while the steering unit 4 is
steered. In this case, the turning curvature γ of the vehicle
1 is changed as the traveling distance of the vehicle 1
increases, as illustrated in Fig. 7.
[0042] Returning to Fig. 5, when the basic route BR is
created, the driving controller 402 determines whether
or not the vehicle 1 collides with an obstacle when the
vehicle 1 travels along the basic route BR. In other words,
the driving controller 402 determines whether or not the
vehicle 1 may reach the target position by avoiding the
obstacle when causing the vehicle 1 to travel along the
basic route BR (step S502). Then, when it is determined
that the vehicle 1 collides with the obstacle when the
vehicle 1 travels along the basic route BR (step S502:
No), the route creation unit 401 creates a new route,
along which the vehicle 1 stops to perform stationary
steering in the middle of moving from the initial position
to the target position, and then moves to the target posi-
tion (step S503).
[0043] When determining that the vehicle 1 does not
collide with the obstacle when the vehicle 1 travels along
the basic route BR (step S502: Yes), the driving controller
402 causes the vehicle 1 to travel along the basic route
BR. On the other hand, when the new route is created,
the driving controller 402 causes the vehicle 1 to travel
along the basic route BR, which is updated by the created
new route.
[0044] Thus, since it is possible to move the vehicle 1
to the target position without causing the vehicle 1 to go
back and forth when it is determined that the vehicle 1
collides with the obstacle when the vehicle 1 travels along
the basic route BR, the time taken to move the vehicle 1
to the target position may be shortened. In addition, it is
possible to reduce a possibility that the driver of the ve-
hicle 1 feels unnatural due to the fact that it is impossible
to move the vehicle 1 to the target position when the
movement of the vehicle 1 to the target position is con-
trolled by the ECU 24, although the driver of the vehicle
1 may manually move the vehicle 1 to the target position.
[0045] Here, an example of a creating processing of a
new route will be described with reference to Fig. 6. As
illustrated in Fig. 6, the route creation unit 401 creates a
new route, along which the vehicles performs stationary
steering in the middle of a route, along which the vehicle
moves from the initial position to the target position, when
it is determined that the vehicle 1, which travels along
the basic route BR, collides with another vehicle C2 (an
example of the obstacle). Specifically, the route creation
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unit 401 sets a route of the vehicle 1 until the traveling
distance of the vehicle 1 reaches a distance d4 to a
straight line or a clothoid curve. Then, as illustrated in
Fig. 6, the route creation unit 401 sets a route, along
which the vehicle 1 performs stationary steering in a stop
state at the time at which the traveling distance of the
vehicle 1 reaches the distance d4, and then the traveling
distance of the vehicle 1 is changed from the distance
d4 to a distance d5, to an arc, along which the vehicle 1
is moved while the steering unit 4 is stationary. In addi-
tion, as illustrated in Fig. 6, the route creation unit 401
sets a route, along which the vehicle 1 performs station-
ary steering in a stop state at the time at which the
traveling distance of the vehicle 1 reaches the distance
d5, and then the traveling distance of the vehicle 1 is
changed from the distance d5 to the distance d3, to a
straight line or clothoid curve.
[0046] Thus, since it is possible to move the vehicle 1
to the parking position P without performing stationary
steering in a case where a possibility that the vehicle 1
collides with the other vehicle C2 in the middle of moving
the vehicle 1 from the initial position to the parking posi-
tion P along the basic route BR is increased, the time
taken to move the vehicle 1 to the parking position P may
be shortened. In addition, it is possible to reduce a pos-
sibility that the driver of the vehicle 1 feels unnatural due
to the fact that it is impossible to move the vehicle 1 to
the parking position P when the movement of the vehicle
1 to the parking position P is controlled by the ECU 24,
although the driver of the vehicle 1 may manually move
the vehicle 1 to the parking position P.
[0047] Next, an example of a processing of updating
the basic route BR by the vehicle 1 according to the
present embodiment will be described with reference to
Figs. 8 to 10. Figs. 8 to 10 are views illustrating an ex-
ample of a change in the turning curvature when the ve-
hicle according to the first embodiment is parked at the
parking position. In Figs. 8 to 10, the vertical axis repre-
sents the turning curvature γ of the vehicle 1, and the
horizontal axis represents the traveling distance of the
vehicle 1 from the initial position to the parking position P.
[0048] For example, when it is determined that the ve-
hicle 1 collides with an obstacle when the vehicle 1 is
caused to travel along the basic route BR, the route cre-
ation unit 401 creates a new route. Specifically, as illus-
trated in Fig. 8, the route creation unit 401 sets a route
until the traveling distance of the vehicle 1 reaches the
distance d4 to a clothoid curve, which has a smaller
change in turning curvature than the basic route BR. In
addition, as illustrated in Fig. 8, the route creation unit
401 sets a route, along which the vehicle 1 performs sta-
tionary steering in a stop state at the time at which the
traveling distance of the vehicle 1 reaches the distance
d4, and then the traveling distance of the vehicle 1 is
changed from the distance d4 to the distance d5, to an
arc, along which the vehicle 1 is moved while the steering
unit 4 is stationary. In addition, as illustrated in Fig. 8, the
route creation unit 401 sets a route, along which the ve-

hicle 1 performs stationary steering in a stop state at the
time at which the traveling distance of the vehicle 1 reach-
es the distance d5, and then the traveling distance of the
vehicle 1 is changed from the distance d5 to the distance
d3, to a clothoid curve, which has a smaller change in
turning curvature than the basic route BR.
[0049] As described above, the route creation unit 401
sets, in the new route, a route until the traveling distance
of the vehicle 1 reaches the distance d4 to a route, along
which the vehicle 1 avoids the other vehicle C2 with a
gentle steering angle, and then stops to perform station-
ary steering and turns suddenly. Then, the route creation
unit 401 updates the basic route BR with the created new
route.
[0050] Alternatively, when an obstacle, which collides
with a vehicle traveling along the basic route BR, is de-
tected, as illustrated in Fig. 9, the route creation unit 401
sets a route until the traveling distance of the vehicle 1
reaches the distance d4 to a straight line. In addition, as
illustrated in Fig. 9, the route creation unit 401 sets a
route, along which the vehicle 1 performs stationary
steering in a stop state at the time at which the traveling
distance of the vehicle 1 reaches the distance d4 and
then the traveling distance of the vehicle 1 is changed
from the distance d4 to the distance d5, to an arc, along
which the vehicle 1 is moved while the steering unit 4 is
stationary. In addition, as illustrated in Fig. 9, the route
creation unit 401 sets a route until the traveling distance
of the vehicle 1 is changed from the distance d5 to the
distance d3 to a clothoid curve, along which the vehicle
1 is moved while the steering unit 4 is steered.
[0051] As described above, the route creation unit 401
sets, in the new route, a route until the traveling distance
of the vehicle 1 reaches the distance d4 to a straight line
so as to avoid the other vehicle C2, and thereafter cre-
ates, as a new route, a route along which the vehicle 1
stops to perform stationary steering and turns suddenly.
Then, the route creation unit 401 updates the basic route
BR with the created new route.
[0052] Alternatively, when an obstacle, which collides
with the vehicle 1 traveling along the basic route BR, is
detected, as illustrated in Fig. 10, the route creation unit
401 sets a route until the traveling distance of the vehicle
1 reaches the distance d1 to a straight line. In addition,
as illustrated in Fig. 10, the route creation unit 401 sets
a route, along which the vehicle 1 performs stationary
steering in an extremely low speed state at the time at
which the traveling distance of the vehicle 1 reaches the
distance d1, and then the traveling distance of the vehicle
1 is changed from the distance d4 to the distance d6, to
an arc, along which the vehicle 1 is moved while the steer-
ing unit 4 is stationary. In addition, as illustrated in Fig.
10, the route creation unit 401 sets a route until the
traveling distance of the vehicle 1 is changed from the
distance d6 to the distance d3 to a clothoid curve, along
which the vehicle 1 is moved while the steering unit 4 is
steered.
[0053] As described above, the route creation unit 401
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sets, in the new route, a route until the traveling distance
of the vehicle 1 reaches the distance d1 to a straight line
so as to avoid the other vehicle C2, and thereafter sets
a route, along which the vehicle 1 performs stationary
steering in an extremely low speed state and then turns
suddenly. Then, the route creation unit 401 updates the
basic route BR with the created new route.
[0054] As described above, with the vehicle 1 accord-
ing to the first embodiment, since it is possible to move
the vehicle 1 to the target position without causing the
vehicle 1 to go back and forth when it is determined that
the vehicle 1 collides with the obstacle when the vehicle
1 moves from the initial position to the target position
along the basic route BR, the time taken to move the
vehicle 1 to the target position may be shortened.

<Second Embodiment>

[0055] The present embodiment is an example of re-
creating a new route when an obstacle, which collides
with the vehicle, is detected after the vehicle starts
traveling along the basic route. In the following descrip-
tion, a description related to the same configuration as
that of the first embodiment will be omitted.
[0056] In the present embodiment, after the vehicle 1
starts traveling along the basic route BR, the driving con-
troller 402 detects an obstacle, which collides with the
vehicle 1, based on a captured image output from the
imaging unit 16, distance information received from the
distance measurement sensor 15, and the like. Here, a
case of detecting a collision between the vehicle 1 and
the obstacle includes, in addition to a case where the
vehicle 1 collides with the obstacle, a case where the
distance between the vehicle 1 and the obstacle is equal
to or less than a preset distance.
[0057] Then, when the obstacle, which collides with
the vehicle 1, is detected, the route creation unit 401 re-
creates a new route, along which the vehicle 1 stops to
perform stationary steering in the middle of the basic
route BR and then moves to the target position. At that
time, the route creation unit 401 re-creates, as the new
route, a route along which the vehicle 1 stops to perform
stationary steering so as to avoid the detected obstacle
and then to move to the target position. Then, the driving
controller 402 causes the vehicle 1 to travel along the
new route. Thus, since it is possible to move the vehicle
1 to the target position without causing the vehicle 1 to
go back and forth in a case where a possibility that the
vehicle 1 collides with the obstacle in the middle of mov-
ing from the initial position to the target position along
the basic route BR is increased, the time taken to move
the vehicle 1 to the target position may be shortened. In
addition, it is possible to reduce a possibility that the driver
of the vehicle 1 feels unnatural due to the fact that it is
impossible to move the vehicle 1 to the target position
when the movement of the vehicle 1 to the target position
is controlled by the ECU 24, although the driver of the
vehicle 1 may manually move the vehicle 1 to the target

position.
[0058] Next, an example of the flow of a vehicle
traveling assistance processing of the vehicle 1 by the
ECU 24 according to the present embodiment will be
described with reference to Fig. 11. Fig. 11 is a flowchart
illustrating an example of the flow of a vehicle traveling
assistance processing of the vehicle according to a sec-
ond embodiment. In the following explanation, a process-
ing of controlling the parking of the vehicle 1 will be de-
scribed, but it suffices as long as it controls the traveling
of the vehicle 1 to the target position.
[0059] When information to instruct parking of the ve-
hicle 1 to the parking position P is input via the operation
input unit 10, the route creation unit 401 acquires a cap-
tured image obtained by imaging the surroundings of the
vehicle 1 by the imaging unit 16. Then, the route creation
unit 401 sets the parking position P at which the vehicle
1 is parked based on the acquired captured image. Sub-
sequently, the route creation unit 401 creates, as the ba-
sic route BR, a route from an initial position, which is a
current position of the vehicle 1, to a target position, which
is a position at which the vehicle 1 reaches until it changes
the traveling direction thereof afterwards, based on the
acquired captured image, distance information received
from the distance measurement sensor 15, and the set
parking position P. At that time, it is assumed that the
route creation unit 401 creates, as the basic route BR, a
route including at least one of a clothoid curve and a
straight line. In addition, in a case of parking the vehicle
1 without causing the vehicle 1 to go back and forth from
the initial position to the parking position P, the route cre-
ation unit 401 creates, as the basic route BR, a route
along which the vehicle 1 moves from the initial position
to the parking position P without changing the traveling
direction thereof.
[0060] The driving controller 402 controls the steering
unit 4, the braking operation unit 6, and the acceleration
operation unit 5 according to the basic route BR created
by the route creation unit 401, thereby causing the vehicle
1 to travel along the basic route BR created by the route
creation unit 401 (step S1101). Subsequently, after the
traveling of the vehicle 1 starts along the basic route BR,
the driving controller 402 determines whether or not the
center of gravity of the vehicle 1 has reached a reference
line BL (see Fig. 6) (step S1102). Here, as illustrated in
Fig. 6, the reference line BL is set at a position spaced
apart from the parking position P by a preset distance in
a direction opposite to the traveling direction of the vehi-
cle 1.
[0061] Then, when determining that the center of grav-
ity of the vehicle 1 has reached the reference line BL
(step S1102: Yes), the driving controller 402 ends crea-
tion of a new route. That is, the driving controller 402
permits re-creation of a new route until the center of grav-
ity of the vehicle 1 reaches the reference line BL. Thus,
when the vehicle 1 reaches the reference line BL, it is
possible to reduce the load of a calculation processing
caused by recreation of a new route. Thereafter, when
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the vehicle 1 reaches the parking position P, the driving
controller 402 ends the traveling of the vehicle 1 from the
initial position to the parking position P.
[0062] On the other hand, when the center of gravity
of the vehicle 1 has not reached the reference line BL
(step S1102: No), the driving controller 402 starts a
processing of detecting an obstacle, which collides with
the vehicle 1, based on a captured image output from
the imaging unit 16, distance information received from
the distance measurement sensor 15, and the like after
the traveling of the vehicle 1 starts along the basic route.
[0063] When the obstacle, which collides with the ve-
hicle 1, is detected (step S1103: Yes), the route creation
unit 401 determines whether or not the re-set parking
position P is different from the previous parking position
P in the middle of the basic route BR (step S1104). In
the present embodiment, it is assumed that the route
creation unit 401 re-sets the parking position P based on
the acquired captured image even after the vehicle 1
starts traveling along the basic route BR. Thus, in a case
where the vehicle 1 approaches the space S and it be-
comes possible to more accurately set the parking posi-
tion P, it is possible to reduce a possibility that the vehicle
1 is parked at a position deviated from the parking posi-
tion P because the parking position P is reset and the
basic route BR or the new route is created based on the
accurate parking position P.
[0064] Then, when the obstacle, which collides with
the vehicle 1, is detected and the reset parking position
P is different from the previous parking position P (step
S1104: Yes), the route creation unit 401 re-creates a new
route, along which the vehicle 1 stops to perform station-
ary steering in the middle of the basic route BR, and up-
dates the basic route BR with the new route (step S1105).
Then, the driving controller 402 causes the vehicle 1 to
travel along the basic route BR updated by the new route.
Thereafter, the ECU 24 repeats the processing illustrated
in step S1101 and steps S1103 to S1105 until it is deter-
mined that the center of gravity of the vehicle 1 has
reached the reference line BL. That is, the route creation
unit 401 permits re-creation of a new route until the center
of gravity of the vehicle 1 reaches the reference line BL.
Thus, when the vehicle 1 reaches the reference line BL,
it is possible to reduce the load of a calculation processing
caused by the updating of the basic route BR. Thereafter,
when the vehicle 1 reaches the parking position P, the
driving controller 402 ends the traveling of the vehicle 1
from the initial position to the parking position P.
[0065] As described above, with the vehicle 1 accord-
ing to the second embodiment, since it is possible to
move the vehicle 1 to the target position without causing
the vehicle 1 to go back and forth in a case where a
possibility that the vehicle 1 collides with an obstacle in
the middle of moving from the initial position to the target
position along the basic route BR is increased, the time
taken to move the vehicle 1 to the target position may be
shortened.
[0066] In the present embodiment, although the route

creation unit 401 re-creates a new route when the obsta-
cle, which collides with the vehicle 1, is detected after
the vehicle 1 starts traveling along the basic route BR,
and updates the basic route BR with the new route, when
the target position is the parking position P, the route
creation unit 401 may create, in addition to the basic route
BR, a route (hereinafter referred to as a stationary steer-
ing route), along which the vehicle 1 stops to perform
stationary steering in the middle of moving from the initial
position to the parking position P, and then moves to the
parking position P before the traveling of the vehicle 1 to
the parking position P starts.
[0067] Then, in a case where the vehicle 1 may reach
the parking position P without going back and forth when
causing the vehicle 1 to travel along the stationary steer-
ing route, the driving controller 402 causes the vehicle 1
to travel along the stationary steering route. On the other
hand, in a case where it is necessary to cause the vehicle
1 to go back and forth even when causing the vehicle 1
to travel along the stationary steering route, the driving
controller 402 causes the vehicle 1 to travel along the
basic route BR. Thus, since it is possible to park the ve-
hicle 1 at the parking position P along the stationary steer-
ing path in a case where it is possible to park the vehicle
to the parking position P without causing the vehicle 1 to
go back and forth by performing stationary steering op-
eration in the middle of a route along which the vehicle
1 moves from the initial position to the parking position
P, the time taken to move the vehicle to the parking po-
sition P may be shortened.
[0068] In one example, a vehicle traveling assistance
apparatus of an embodiment includes a creation unit con-
figured to create a first route, which is a route along which
a vehicle moves from an initial position to a parking po-
sition and in which the vehicle stops to perform stationary
steering in a middle of the route and then moves to the
parking position, and a second route, which includes at
least one of a clothoid curve and a straight line and along
which the vehicle moves from the initial position to the
parking position, and a controller configured to cause the
vehicle to travel along the first route in a case where the
vehicle is able to reach the parking position without going
back and forth when causing the vehicle to travel along
the first route, and to cause the vehicle to travel along
the second route in a case where the vehicle is required
to go back and forth when causing the vehicle to travel
along the first route. Thus, in one example, it is possible
to shorten the time taken to move the vehicle to the park-
ing position.
[0069] In addition, a program executed in the vehicle
1 of the present embodiment is embedded in advance in
the ROM 24b or the like, but may be recorded as a file
in an installable format or executable format in a compu-
ter readable recording medium such as a CD-ROM, a
flexible disk (FD), a CD-R, or a digital versatile disk
(DVD).
[0070] In addition, the program executed in the vehicle
1 of the present embodiment may be stored in a compu-
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ter, which is connected to a network such as the Internet,
and be downloaded via the network. In addition, the pro-
gram executed in the vehicle 1 of the present embodi-
ment may be provided or distributed via a network such
as the Internet.
[0071] The program executed in the vehicle 1 of the
present embodiment has a module configuration includ-
ing each of the above-described units (the route creation
unit 401 and the driving controller 402), and as an actual
hardware, the CPU 24a may read and execute a program
from the ROM 24b, so that the above respective units
are loaded on a main storage device and the route cre-
ation unit 401 and the driving controller 402 are generated
on the main storage device.
[0072] Although the embodiments disclosed here have
been described, the embodiments are presented by way
of example and are not intended to limit the scope of this
disclosure. These novel embodiments may be imple-
mented in various other forms, and various omissions,
substitutions, and changes may be made without depart-
ing from the scope of the claims. These embodiments
are included in the scope of this disclosure, and are in-
cluded in the equivalent scope of the disclosure de-
scribed in the claims.
[0073] The principles, preferred embodiment and
mode of operation of the present invention have been
described in the foregoing specification. However, the
invention which is intended to be protected is not to be
construed as limited to the particular embodiments dis-
closed. Further, the embodiments described herein are
to be regarded as illustrative rather than restrictive. Var-
iations and changes may be made by others, and equiv-
alents employed, without departing from the present in-
vention as defined by the claims. Accordingly, it is ex-
pressly intended that all such variations, changes and
equivalents which fall within the scope of the present in-
vention as defined in the claims, be embraced thereby.

Claims

1. A vehicle traveling assistance apparatus comprising:

a creation unit (401) configured to create a first
route, which is a route along which a vehicle (1)
moves from a first position to a second position
and in which the vehicle stops to perform sta-
tionary steering in a middle of the route and then
moves to the second position; and
a controller (402) configured to cause the vehicle
to travel along the created first route.

2. The apparatus according to claim 1,
wherein the creation unit (401) is configured to create
a second route, which includes at least one of a clot-
hoid curve and a straight line, and along which the
vehicle moves from the first position to the second
position without reversing a traveling direction there-

of, and
the controller (402) is configured to cause the vehicle
to travel along the second route, and when detecting
an obstacle which collides with the vehicle after the
vehicle starts traveling along the second route, the
controller (402) is configured to cause the vehicle to
travel along the first route.

3. The apparatus according to claim 1 or 2,
wherein the controller (402) is configured to cause
the vehicle to travel along the first route in a case
where a change in a curvature of a route of the ve-
hicle when causing the vehicle to travel so as to avoid
a collision between the vehicle and an obstacle ex-
ceeds an upper limit of a change in a curvature of a
route of the vehicle when causing the vehicle to travel
along the clothoid curve.

4. The apparatus according to any one of claims 1 to 3,
wherein stop of the vehicle when the vehicle per-
forms stationary steering in the first route includes a
state where a traveling speed of the vehicle has be-
come an extremely low speed.

5. The apparatus according to claim 2,
wherein the creation unit (401) is configured to re-
create the first route when detecting the obstacle
which collides with the vehicle after the vehicle starts
traveling along the second route, and
when the second position is a parking position (P)
of the vehicle, the controller (402) is configured to
set a reference line (BL) at a position spaced apart
from the parking position by a predetermined dis-
tance in a direction opposite to the traveling direction
of the vehicle, and to permit re-creation of the first
route until a center of gravity of the vehicle reaches
the reference line.

6. The apparatus according to claim 1,
wherein the creation unit (401) is configured to create
a second route, which includes at least one of a clot-
hoid curve and a straight line, and along which the
vehicle moves from the first position to the second
position, and
the controller (402) is configured to cause the vehicle
to travel along the first route in a case where the
vehicle is able to reach the second position without
going back and forth when causing the vehicle to
travel along the first route, and in a case where the
vehicle is required to go back and forth when causing
the vehicle to travel along the first route, the controller
(402) is configured to cause the vehicle to travel
along the second route.
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